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@ Shrinkable thermoplastic film for use In paclcaging. 

@ The invention provides a shrinkable thermoplastic film for paclcaging purposes, more particularly for 
bundling unit packs of individual objects to be packaged such as tinned food, cans, bottles or the like, 
and a method for producing it ; the film is formed of at least two thermoplastic resins and tears in a 
direction substantially perpendicular to Its direction of extrusion, along a substantially straight line. 
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BACKGROUND OF THE INVENTION 

The present invention relates to a bulk shrinkable thermoplastic film intended for packaging purposes, 
more particularly for bundling unit packs of individual objects to be packaged such as tinned food, cans, bottles 

5 or the like, as well as to a method for producing this film, and to packagings obtained by using it. 

For packaging and storage of groups of objects of a range of varying types, thermoplastic films have for 
several years been taking the place of the conventionally-used card-board boxes for bundling a grouping of 
identical or different objects to form a unitary pack. It is thus common to, for example, find packs of very many 
different types of object on the market such as canned food, bottles, or cans in a packaging consisting solely 

10 of shrinkable plastics film. 

Such unitary packs are obtained in a known manner by bundling. Bundling is a method which consists of 
surrounding all of the objects to be packaged with a shrinkable thermoplastic resin film which can welded back 
onto itself so as to form a sleeve around the said grouped objects, the package then being shrunk by, for ex- 
ample, passing the whole assembly through an oven at a temperature that enables the thermoplastic resin 

15 constituting the film to soften, thus relieving internal stresses. Upon leaving the oven, rapid cooling ensures 
that the film closes tightly around the load contained therein. Thus a highly homogeneous bundle or unitary 
pack is obtained in which the thermoplastic film performs the function of a skin in tight contact with the surface 
of the packaged objects. 

All thermoplastic polymers or copolymers, in the form of shrinkable films, having a sufficient tear resis- 

20 tance can be employed in this type of application. Nevertheless, the polyolefins and, more particularly, poly- 
ethylene or polypropylene, or even copolymers of ethylene and propylene and an unsaturated monomer such 
as vinyl acetate, are those that are most frequently used industrially. 

The shrinkability and tear resistance properties required of such thermoplastic films lead, in the case of 
known films, to disadvantages when the packaged objects are being unpacked. In particular, it is necessary 

25 in view of the fact that the film is difficult to tear, to exercise quite significant force in order to stretch the film 
packaging in order to be able to clear a path for removing the objects contained in the pack. It may even some- 
times be necessary to employ a cutting tool, which is dangerous, particularly in the home, with always the 
danger of destroying the packaged objects. 

If one does manages to tear them, the tear is quite random and cannot be controlled, leading to the objects 

30 often falling out of the pack or, yet again, tearing takes place in the direction of extrusion of the film. This latter 
property presents no interest whatsoever. In effect, shrinkable thermoplastic films employed in this packaging 
application are obtained by extrusion followed by winding onto a large roll. When the film is made use of, the 
objects are packaged in the direction of the length of the film as it progressively unwinds from the roll. Under 
these conditions, the tear properties of the film in the direction of extrusion, in other words along the length 

35 of the film, do not in any way facilitate the subsequent complete opening of the pack. 

US-P-Re 30 726 describes blow extrusion to film form of mixtures of polyethylene and ionomer resins. 
Such films have tear properties in the extrusion direction, in other words in the direction of the production 
machine. This film suffers from the disadvantages mentioned above. Such a film can only be employed for 
objects of small size such as packets of chewing-gum or cigarettes, and cannot be employed for continuous 

40 bundling of larger objects such as bottles, unitary packs, etc. Moreover, during handling of larger size articles, 
the purchaser grasps the packaging by the crescent-shaped openings left in the sides of the pack. In the case 
where the film possesses tear properties along the direction of the production machine, the packaging tears 
when it is handled by these openings. There is hence a need in the packaging industry to obtain a film which 
can be readily torn but which retains the necessary strength for bundling. 

45 

SUMMARY OF THE INVENTION 

The present invention enables the disadvantages and problems inherent in the prior art to be overcome, 
and provides a shrinkable thermoplastic film having, simultaneously, characteristics needed for bundling and 
50 characteristics needed for unpacking. 

The present invention hence provides a shrinkable thermoplastic film formed from at least two thermo- 
plastics resins, characterized in that its direction of tear lies substantially perpendicular to its direction of ex- 
trusion. The shrinkable thermoplastic film of the present invention tears substantially along a straight line. 
The expression "substantially perpendicular" as employed in this present description means that tearing 
55 is obtained along a direction which deviates from the perpendicular by less than 20"". 
Preferably, this deviation is less than 10°. 

The expression "substantially along a straight line" as employed in this present specification means that tearing 
takes place along a line which is straight and only includes small amplitude waviness along the edge of the 
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tear. 

Tear resistance is obtained by tlie Elmendorf tear test and is expressed in N/mnn. 

The shrinkable thermoplastic film according to the present invention exhibits the same difficulty of tearing 
as the other known films in directions other than the substantially perpendicular direction, be these, for ex- 
5 ample, in an oblique direction or in the direction of extrusion or of the production machine, in other words along 
the length of the film. 

This characteristic of the shrinkable thermoplastic film's ability to tear substantially perpendicularly to the 
direction of extrusion, it being understood that the direction of extrusion corresponds to the direction of the 
length of the film when leaving the extrusion machine, and to tear cleanly and substantially along a straight 
10 line, is a result of the particular method for preparing this film that is employed according to the present in- 
vention. 

Thus, the present invention provides a shrinkable thermoplasticfilm that tears in the direction substantially 
perpendicular to the direction of extrusion with a tear that is substantially a straight line, this film comprising: 
(a) at least one polyolef in layer; and 
15 (b) at least one layer of a copolymer selected from ionic copolynners of: 

(1) a-olefins of formula R-CH=CH2 wherein R Is hydrogen oran alkyi radical having 1 to 8 carbon atoms, 

(2) a,p-ethylenically unsaturated carboxylic acids having 3 to 8 carbon atoms, and 

(3) optionally, a further monoethylenically unsaturated monomer compound; 

said copolymers having from 1 0 to 90% of carboxylic acid groups ionised by neutralization through metallic 
20 ions distributed over the copolymer, said film being 

obtained by blow co-extrusion of: 

(a) said polyolef in layer; and 

(b) said ionic copolymer layer; 

said blow co-extrusion being carried out under the following operating conditions: 
25 - a lengthwise stretch ratio of 2 to 25; and 

- a frost line height of less than 160 cm; the ratio 

Lengthwisestretch ratio 
Frost line heighten cm) 
being set so as to obtain a ratio of: 

30 Elmendorftear strength in machine direction 

Elmendorftear strength in substantially perpendiculardirection 
higher than or equal to 2. 
Preferably: 

- the extrusion screw temperature for the ionic copolymer is comprised in the range of from 165to220°C, 
35 - the extrusion screw temperature for the polyolef in is comprised in the range of from 170 to 220°C, 

- the extrusion die temperature is comprised in the range of from 175 to 230°C, 

- the blow-up ratio is comprised in the range of from 1 to 4, 

- the winding speed is comprised in the range of from 5 to 80 m/min, 

- the die block gap is comprised in the range of from 0.6 to 2.0 mm. 

40 The ionic copolymers employed possess, when in the solid state, the characteristic properties of cross- 

linked polymers and, when in the softened state, the structural properties of non-cross-linked thermoplastic 
polymers. 

The metallic ions generally have an ionized valency of from 1 to 3 inclusive when the unsaturated acid Is 
a monocarboxylic acid and an ionized valency of 1 when the unsaturated acid is a dicarboxylicacid. The metallic 
45 ions can be selected from the group comprising complexed and non-complexed metallic ions. 

The ionic copolymers that are most frequently employed are selected from the copolymers in which the 
a-olef in is ethylene and the a,p-ethylenically unsaturated carboxylic acid is a monocarboxylic or dicarboxylic 
acid and in which the metallic ions are complexed metallic ions, are metals belonging to groups II, III, IV-Aand 
VIII of the Periodic Table, or are ions of a metal of group I of the Periodic Table and, more particularly an alkaline 
50 metal ion, which advantageously is sodium. 

These ionic copolymers are know per se. They are fully described, together with their manufacturing proc- 
ess in United Stated Patent 3 264 272 the whole is incorporated herein for reference. 

These copolymers are manufactured by E.I. Du Pont under the trade name Surlyn® for example. A pre- 
ferred copolymer is Surlyn® 1601. 
55 The expression "polyolef in" as employed in this present specification means homopolymers of a-olefins 

or copolymers of such olefins with one or several monomers, as well as mixtures thereof. 
The homopolymer that is associated with the ionic copolymer can be selected from polymers of a-olef in of 
formula R'-CH=CH2 in which R' is hydrogen or an alkyI radical having 1 to 8 carbon atoms. 
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The a-olefin copolymer is a copolymer of the a-olefins of formula R'-CH=CH2 above, with at least one 
further monoethylenically unsaturated monomers, such as aliphatic or aromatic monomer, the following of 
which can be cited by way of example: vinyl acetate, styrene, and (meth)acrylic derivatives. This other mono- 
mer can represent up to 20% by weight of the olefinic copolymer, preferably from 1 to 10% by weight. 
5 Among the products that can be most recommended from an economic point of view, we can mention poly- 

mers and copolymers of ethylene and propylene such as polyethylene, polypropylene, copolymers of ethylene 
and propylene, ethylene-vinyl acetate copolymers, copolymers of ethylene and acrylic derivatives terpolymers 
based on olefin, methyl acrylate and ethyl acrylate or even mixtures of linear and radicalar low density poly- 
olefins, as well as mixtures of the above (co)polymers. 
10 One polyolefin in its preferred homopolymer form is low density polyethylene (LDPE). Another preferred 

polyolef in is a mixture of low density polyethylene and high density polyethylene (LDPE/HDPE). Their weight 
ratio is preferably comprised in the range 95/5 to 50/50. 

The polyolefin in its preferred copolymer form is an ethylene/vinyl acetate (EVA) copolymer. 

According to one embodiment of the present invention, the shrlnkf llm is a two-layer film comprising a poly- 
ps olefin layer and an ionic copolymer layer. 

In accordance with a further embodiment, the film is a multilayer film consisting of several layers of poly- 
olefin and of ionic copolymer. 

The total thickness of the shrink film according to the present invention is generally comprised in the range 
of from 20 to 300 ^m, preferably from 40 to 150 ^m. 
20 In one embodiment, the total thickness of ionic copolymer, whether it is in one or several layer form, is 5 

to 70%, preferably from 1 5 to 40% of the total film thickness. 

When the film consists of at least three layers, how the various polyolefin and ionic copolymer layers are 
arranged with respect to each other is not important. How they are arranged with respect to each other has 
no effect on tearing in the direction transverse to the film extrusion direction. 
25 In one embodiment of the present invention, the film consists of two layers, the ionic copolymer layer rep- 

resenting preferably about 20% of the thickness. 

In anotherembodimentof the present invention, the film consists of three layers, the two outer layers being 
formed of ionic copolymer and each representing 10 to 25% of the total thickness of the film. 

In another embodiment of the invention, the film consists of three layers, the inner layer being formed of 
30 ionic copolymer and representing 10 to 35% of the total thickness of the film. 

The inclusion of an adhesion binder between the polyolefin layer and the ionic copolymer layer in order 
to optionally increase the adherence between the layers of different natures is also not ruled out. Such binders 
are known and currently employed in conventional co-extrusion processes; usually, such binders are modified 
ethylene-based copolymers or terpolymers. 
35 The film according to the present invention is obtained using a method for producing the film characterized 

in that it comprises coextruding: 

(a) at least one polyolefin layer; and 

(b) at least one layer of an ionic copolymer. 

The polyolefin and the ionic copolymer are co-extruded under particular conditions that yield the present 
40 films. Upon discharge from the die, the film is cooled on a cylinder the speed of rotation of which is higher 
than the film discharge rate, whereby the latter is subject to longitudinal orientation. At the outlet from the flat 
die, it is also possible, by employing known techniques, to subject it to flat bi-axial stretching. 

The conditions under which blow co-extrusion is carried out are as follows. Extruder temperature for the 
ionic copolymer is comprised in the range of from 165 to 220°C, preferably from 170 to 180 °C. Extruder tem- 
45 perature for the polyolefin is comprised in the range of from 170 to 220''C, preferably from 175 to 185 °C. The 
temperature of the extrusion die is comprised in the range of from 165 to 230°C, preferably from 170 to 190 
°C. The blow-up ratio is comprised in the range of firom 1 to 4, and preferably from 1.5 to 2.5. The blow-up 
ratio is defined as: 

bubble diameter 

50 die head diameter 

The winding speed is comprised in the range of from 5 to 80 m/min, and preferably from 7 to 50 m/min. The 
extrusion gap is comprised in the range of from 0.6 to 2.0 mm, preferably from 1 to 1 .6 mm. 
The lengthwise stretch ratio is comprised in the range of from 2 to 25, preferably from 4 to 15, and more pre- 
ferably from 5 to 10. The lengthwise stretch ratio is defined as: 
55 winding speed of the solid film 

speed of the melt at die exit 
The frost line height, used to obtain rapid cooling to obtain crystallization in the same direction is less than 
160 cm, preferably less than 80 cm, and particularly preferably comprised in the range 20 to 40 cm. 
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The film according to the invention is obtained by varying the lengthwise stretch ratio and frost line height 
parameters to provide a ratio: 

MP _ Elmendorftear strength In machine direction 

TD Elmendorftear strength in substantially perpendicular direct ion 
5 higher than or equal to 2, preferably higher than 5. 

The actual MD/TD Elmendorf tear ratios obtained will vary based on changes In a number of other condi- 
tions such as the polymers used, the thickness of each film layer, and the equipment used. In general, the 
extrusiuon temperature for each polymer used should be as low as posssible so as to keep the frost line as 
close to the die as possible. 
10 In a preferred embodiment, the ratio: 

Lengthwisestretch ratio 
Frost line heighten cm) 
is higher than 0.1, and preferably higher than 0.2. 

The invention also relates to the particular procedure for blow co-extrusion that yields the present films. 
15 Apart from bundling, the films according to the invention can be employed In all packaging applications 
such as, for example, the manufacture of shrink overwraps for palletizing or bagging goods. 

The invention not only relates to the packaging film, but also to packaging produced using this film. More 
specifically, the invention relates to a package which comprises a linear array of articles to be bundled, such 
as beverage bottles and cans, and a thermoplastic film according tothe invention shrunken around the articles 
20 such that the transverse direction of tear of the package Is transverse to the packaging direction of the array 
of articles. 

Obviously, the present Invention Is not limited to the examples below provided by way of Illustration. 
EXAMPLE 1 

25 

The three-layer film below was formed from: 
. outer layer of resin A: 1 2.5% of total thickness 
. intermediate layer of resin B: 75% of total thickness 
. outer layer of resin A: 12.5% of total thickness 
30 . total thickness: 70 [ivr\. 

- resin A: modified ethylene-methacrylic acid copolymer neutralized by a sodium or zinc type cation 
having a fluidity index at 2.1 5 kg and 190°C in accordance with the NFT 51016 standard of 0.5 g to 
5 g and a density of 0.940 g/cm^; 

- resin B: ethylene-vinyl acetate copolymer (having 2% and more of vinyl acetate) of fluidity index at 
35 2.16 kg and 190°C in accordance with NFT51016 of 0.8 to 3 g and a density of 0.919 to 0.940 g/cm\ 

Co-extrusion was carried out at a screw temperature of 175°C for resin A and 180°C for resin B, the ex- 
truder end temperature being 1 90°C, a winding speed of 56 m/min, a blow-up ratio of 2, a die gap of 1 .2 mm, 
a throughput of 120 kg/h, the extruder being a Windmoller machine, the lengthwise stretch ratio was 6.9 and 
frost line setting was about 65 cm. Af ilm was obtained for which the Elmendorf tear strength ratio (MD/TD) is 
40 greater than 7. 

Under conventional bundling conditions, a variety of objects such as canned foods were packaged using 
these films. By simply obtaining initiation of tearing, obtained through the use of a tab cut out in the transverse 
sense when manufacturing the pack, It was possible to open the pack simply by pulling the tab, obtaining a 
clean tear in the film without exercising any particular force. Before any action was performed on the tab, the 
45 film maintained all its shrink and tear resistance properties required during its various handling operations. 

EXAMPLE 2 

A 45 |4,m film obtained under the extrusion conditions of example 1 was tested. 
50 The results of tearing In accordance with the the NFQ 03011 standard with tearing Initiated were as follows: 


55 
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10 


15 


20 


Surlyn® 1601 

single layer of 45 \m 

double layer of 45 pm: 
20% Surlyn® 1601 
80% polyethylene 

Triple layer of 45 |im: 
16% Surlyn® 1601 
68% polyethylene 
16% Surlyn® 1601 


Tearing in 
centinewtons in 
the machine 
direction (MP) 

50 


500 


Tearing in 
cent i newtons 
in a direction 
substantially 
perpendicul ar 
thereto (TP) 

100 


100 


500 


100 


The percentages given are thickness percentages. 
25 It is seen that tear resistance in the substantially perpendicular sense of the co-extruded materials stays 

similar to that of Surlyn® used alone, while tearing in the machine direction increases up to values currently 
required for bundling purposes. 

EXAIVIPLE 3 

30 

The following three-layer film was extruded: 


. LOPE Novex®21H460 

43.1 nm 

. Surlyn® 1601 

28.7 ^im 

.LORE Novex21H460 

43.1 ^im 

Total thickness 

115 (xm 


Surlyn® 1601 is an ionic copolymer available from Pupont, of the sodium neutralised type with a melt index 
Ml of 1.3. 

Novex® is a LOPE available from British Petroleum (BP) having a melt index of 1 .5 and a density of 0.922. 
The extruder for each layer was a Reifenhauser 50 mm extruder and operating conditions were as follows: 



Extruder 







Layer 

Temp. 
(°C) 

Speed 

of 
rotation 
rpm 

Pie 

block 
temp 
fC) 

Pie gap 

Winding 
speed 
(m/min) 

Blow-up 
ratio 

Lengthwise 
stretch 
ratio 

Frost line 
height (cm) 

1 LPPE 

180 

60 







2 Surlyn 

178 

40 

170 

1 .48 mm 

7.2 

2.51 

5.1 

31 

3 LPPE 

183 

60 








55 

A film was obtained for which the Elmendorf tear strengths and their ratio were the following: 

MP ^ 39^ 
TP 10.9 
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EXAMPLE 4 


Operating conditions were as follows: 


Layer 


Thickness 

1 

. LORE Novex® 21H460 

43.1 lann 

2 

. Surlyn® 1601 

28.7 

3 

. LDPE Novex 214460 

43.1 


Total thickness 

115 |im 


The height of the frost line this time was 43 cm. The other operating parameters were identical to those 
in example 3. 

A film was obtained for which the Elmendorf tear strengths and their ratio were the following: 

MP ^ 35^ 
TD 11.3 


= 3.1 


EXAMPLE 5 


The constitution of the film was as follows: 


Layer 

Thickness 

1 

. LDPE Novex® 21 H460 

31 |im 

2 

. Surlyn® 1601 

21 |j.m 

3 

. LDPE Novex 214460 

31 fj,m 


Total thickness 

83 Kim 


Operating conditions were identical to those in Example 4, except for the winding speed which was 9.4 
m/min. Afilm was obtained for which the Elmendorf tear strengths and their ratio were the following: 

MD ^ 45^ 
TD 10.3 


4.4 


EXAMPLE 6 (comparative example) 


Operating conditions were identical to those in Example 5, but the frost line was set to 120 cm. This time, 
a film was obtained for which the Elmendorf tear strengths and their ratio were the following: 

MD _ 7.1 
TD 9.1 


0.7 


EXAMPLE 7 


The operating conditions were as follows: 


Thick- Extruder Lengthwise Frost 

^ayer ness ym Temp. Speed of Die block Die Winding Blow-up stretch line 

CC) rotation rpm temp { ' C ) gap speed (m/ain) ratio ratio height (cm) 

1 LDPE 23.2 175 45 

2 Surlyn 15.5 176 30 170 1.4B mm 9.4 2.51 9.5 34 

3 LDPE 23.2 180 45 
thickness 62 um 


(total) 


EP 0 537 080 A1 


A film was obtained for which the Elmendorf tear strengths and their ratio were the following: 

MP _ 46.6 _ . 
TD 4.2 

EXAMPLE 8 

The following operating conditions were employed: 


Thick- Extruder Lengthwise Frost 

Layer ness Mm Tetnp. Speed of Die block Die Winding Blow-up stretch line 

( *C) rotation rpm temp ( ' c ) gap speed (m/min) ratio ratio height {cm) 

1 LDPE 40 178 45 

2 Surlyn 26 178 30 170 1.4B mm 9.4 1.5 9.3 70 

3 LDPE __40 180 45 
thickness 106 um 

(total) 


A film was obtained for which the Elmendorf tear strengths and their ratio were the following: 

MD ^ 67J^ 
TD 12.8 


= 5.2 


EXAMPLE 9 

A film of the following composition: 
Layer 1 : 

A mixture of: 80% by weight LDPE (d: 0.923; Ml: 0.30) 

20% by weight HOPE (d: 0.963; Ml: 8.0) 

and containing: 750 ppm Si02 

1000 ppm alkyi amine 

Layer 2: Surlyn® 1601 

Layer 3: identical to layer 1 

was extruded under the following operating conditions: 


Thick- 


Lengthwise Frost; 


Layer ness % Temp. Speed of Die block Die Blow-up stretch line 

( 'C) rotation rpm temp (*C) gap ratio ratio height (cm) 


37.5 172-5 
25 172.5 
37.5 172.5 


160 
45 
58 


177.5 


1.2 mm 2.9 


6.0 


Total 100 % 


A film was obtained for which the Elmendorf tear test gave the following ratio: 

= 7.2 

TD 


Claims 


1.- Ashrinkable thermoplastic film comprising: 

(a) at least one polyolef in layer; and 

(b) at least one layer of a copolymer selected from ionic copolymers of: 

(1) a-olef ins of formula R-CH=CH2 wherein R is hydrogen or an alkyI radical having 1 to 8 carbon atoms, 

(2) a,p-ethylenically unsaturated carboxylic acids having 3 to 8 carbon atoms, and 


8 


EP 0 537 080 A1 


(3) optionally, a further monoethylenically unsaturated monomer compound; 
said copolymers having from 1 0 to 90% of carboxylic acid groups ionised by neutralization through metallic 
ions distributed over the copolymer, said film being characterized in that it is obtained by co-extrusion of: 

(a) said polyolef in layer; and 

5 (b) said ionic copolymer layer; said co-extrusion being carried out under the following operating con- 

ditions: 

- a lengthwise stretch ratio of 2 to 25; and 

- a frost line height of less than 160 cm; the ratio 

Lengthwise stretch ratio 

10 Frost line height (in cm) 

being set so as to obtain a ratio of: 

Elmendorftear strength in machine direction 

Elmendorftear strength in substantially perpendiculardirection 
higher than or equal to 2. 

15 2.- Ashrinkable thermoplastic film according to claim 1 characterized in that said lengthwise stretch ratio 

is comprised in the range of from 4 to 15, preferably in the range of from 5 to 10, and said frost line height is 
less than 80 cm and preferably is comprised in the range of from 20 to 40 cm. 

3. - Ashrinkable thermoplastic film according to claim 1 or 2, characterized in that said ratio: 

Lengthwisestretch ratio 

20 Frost line height (in cm) 

is higher than 0.1 and preferably is higher than 0.2 

4. - Ashrinkable thermoplastic film according to any one of claims 1 to 3, characterized in that said ratio: 

Elmendorftear strength in machine direction 

Elmendorftear strength in substantially perpendiculardirection 

25 is higher than 5. 

5. - A shrinkable thermoplastic film according to any one of claims 1 to 4, characterized in that said co- 
extrusion is carried out under the following operating conditions: 

- an extrusion screw temperature for the ionic copolymer comprised in the range of from 165 to 220°C, 

- an extrusion screw temperature for the polyolefin comprised in the range of from 170 to 220*^0, 
30 - an extrusion die temperature comprised in the range of from 175 to 230°C, 

- a blow-up ratio comprised in the range of from 1 to 4, 

- a winding speed comprised in the range of from 5 to 80 m/min, and 

- a die block gap comprised in the range of from 0.6 to 2.0 mm. 

5. - A shrinkable thermoplastic film according to any one of claims 1 to 4, characterized in that said co- 
ds extrusion is carried out by blow co-extrusion under the following operating conditions: 

- an extrusion screw temperature for the ionic copolymer comprised in the range of from 170 to 180°C, 

- an extrusion screw temperature for the polyolefin comprised in the range of from 175 to 185°C, 

- an extrusion die temperature comprised in the range of from 185 to 195°C, 

- a blow-up ratio comprised in the range of from 1.5 to 2.5, 

40 - a lengthwise stretch ratio comprised in the range of from 4 to 20, 

- a winding speed comprised in the range of from 7 to 50 m/min, and 

- a die block gap comprised in the range of from 1 to 1.6 mm, 

- the frost line height being selected such that the ratio 

Lengthwisestretch ratio 

45 Frost line height (in cm) 

is higher than 0.1. 

6. - A shrinkable thermoplastic film according to any one of claims 1 to 5, characterized in that the ionic 
copolymer is a copolymer of ethylene and mono- or dicarboxylic acid in which the metal ions are complexed 
metal ions belonging to groups II, III, IV-Aand VIII of the Periodic Table, and are preferably alkaline metal ions, 

50 particularly sodium. 

7. - Ashrinkable thermoplastic film according to any one of claims 1 to 6, characterized in that the polyolefin 
is selected from homopolymer of R'-CH=CH2 a-olef ins in which R' is hydrogen or an alkyi radical having 1 to 
8 carbon atoms. 

8. - Ashrinkable thermoplastic film according to any one of claims 1 to 6, characterized in that the polyolefin 
55 is a compound selected from the group comprising polyethylene and low density polyethylene (LDPE). 

9. - Ashrinkable thermoplastic film according to claim 8, characterized in that said polyethylene is a mixture 
of low density polyethylene and high density polyethylene (LDPE/HDPE), the weight ratio of low density poly- 
ethylene and high density polyethylene (LDPE/HDPE) being preferably comprised in the range from 95/5 to 
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50/50. 

10-,- Ashrinkable thermoplastic film according to any one of claims 1 to 6, cliaracterized in tliat tlie poly- 
olef in is a copolymer of R'-CH=CH2 a-olef in in which R' is hydrogen or an alkyi radical having 1 to 8 carbon 
atoms, and a monoethylenically unsaturated monomer and is preferably an ethylene/vinyl acetate (EVA) co- 
5 polymer. 

11. - Ashrinkable thermoplastic film according to any one of claims 1 to 10, characterized in that the total 
thickness of said layer or layers of ionic copolymer constitutes 5 to 70% of the total thickness of said film and 
preferably 15 to 40% of the total thickness of said film. 

12. - Ashrinkable thermoplastic film according toany one of claims 1 to 11, characterized in thatthe thick- 
10 ness of said film is comprised between 20 and 300 ^m and preferably between 40 and 150 t^m. 

13. - Ashrinkable thermoplastic film according to any one of claims 1 to 12, characterized in that said film 
consists of at least two layers and preferably of at least three layers. 

14. - A shrinkable thermoplastic film according to claim 1 3, characterized in that it consists of three layers, 
the two outer layers being formed of ionic copolymer and each representing from 1 0 to 25% of the total thick- 

15 ness of said film. 

15. - Ashrinkable thermoplastic film according to claim 13 or 14, characterized in that it consists of three 
layers, the internal layer being formed of ionic copolymer constituting from 1 0 to 35% of the total film thickness. 

16. - A packaging produced using the shrinkable thermoplastic film according to any one of claims 1 to 1 5. 

1 7. - A package which comprises a linear array of articles to be bundled and a thermoplastic film according 
20 to any one of claims 1 to 15 shrunken around said articles such that the transverse direction of tear of said 

package is transverse to the packaging direction of said array of articles. 
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